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Consolidation Test 


Program Number 5502 


General 
A. Part I 
; This 1620 FORTRAN ppcrrain computes values for HEIGHT 

OF SOLID, MOISTURE CONTENT, WET DENSITY and SATURATION 
obtained from soil samples, and, VOID RATIO and square of 
the AVERAGE SAMPLE HEIGHT of the samples under varying 
pressures, Output is listed such that values for T50 
and T90 Coefficients of Permeability and Slope of 
Secondary Consolidation may be hand-entered from plots 
computed by program 5505=2. 

Input data will be obtained from source documents 

‘in accordance with the keypunched section of this manual 
and punehed on cards. Output will be printed on 84 inch, 
2=part eoentinueus forms, Tests may be identified by 

-pample number printed on each page thereof, 

Sinee it is anticipated that these tests will be 
batehed for submission to EDP, the program has been 
designed to accommodate batch processing. It is also 
written to compute output for any number of load values. 

The object program was compiled with a PDQ FORTRAN 

_ processor in fixed format and may be run on any computer 


of 20K or larger. 
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Part II 

Part II of 5502 is processed on a 1620 Computer and 
Calcomp Digital Incremental Plotter. This run of the 
program plots two sets of graphs from which coefficients 
of permeability and slopes of secondary consolidation are 
determined. The plots consist of log time against dial 
deflection to find the T50 value, and square root of 
time against deflection to find the T90 value. The plot 
routine is programmed to define three graphs of 10 inch 
height across the chart paper. Dial readings are scaled 
for 100, 200, 500 or 1000 increments per inch depending 
upon total dial deflection range. This scaling limits 
plot range from a minimum of 4 inches to a maximum of 8 
inches. Overflow tests have been devised to maintain 
all plots within 94 inches of the origin and to prevent 
loss of the origin because of machine overflow. 

Input data for this run is taken from source 
documents in accordance with the keypunch section of this 
manual and punched on cards. Output will originate from 
the Calcomp Plotter and will be executed on 2 inch per 
cycle semi-log paper and standard one inch cross-section 
paper. Because of non-availability of required semi-log 
graph paper at this time, output will be processed on 
cross-section paper (translucent) and read with a semi- 
log overlay on a light table. 

Input for this run of the program may be batch 


processed as described in the keypunch and computer 


operating instructions section of the manual. 
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CONSOLIDATION TEST 


PROGRAM NO. 5502 
ANALYSIS 


ocope 


The objectives of this program are first and foremost 
to eliminate the time spent in manually calculating and 
plotting the data from consolidation tests. 

Accuracy of results is maintained and since the plotter 
produces co-ordinates based on .01 inch increments, the 
accuracy could conceivably be more consistent on the time- 
compression plots. 

Flexibility of test procedures is another feature of 
this program. While our present rapid loading procedure of 
three hours duration per load is applicable to the bulk of 
our consolidation testing, shorter durations for very rapid 
draining soils are handled by this program and the few 
additional points necessary to define the secondary slope on 
a very slow draining soil may be entered manually on the 
plots. Sizes other than our standard 2.5-inch diameter and 
3/4-inch height specimen rings may be used with this program. 

The description of the equipment and procedure are not 
detailed since they presuppose a knowledge of soils and soil 
testing and are only to show their adaptation to a computer 


program. 
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Equipment 


Consolidation test frames used are lever type "Soil 
Test" Models C-280 and C-240 capable of applying maximum 
pressures of 48,000 and 96,000 pounds per square inch on a 
2.5 diameter specimen, respectively. 

Federal dial indicators with a total range of 0.5 inches 
and .0001 inch graduations are used to measure deflections. 

The standard specimen ring is 2.5 inches diameter and 
0.75 inches in height. This ring is used for trimming the 
soil specimen and is tapered to fit into the consolidometer 
barrel, thereby eliminating the need for transferring the 


specimen from cutting ring to consolidometer. 


Procedure 

The sample is prepared and set up in the testing 
apparatus according to accepted consolidation test procedures 
and the initial data consisting of wet weights, tare weights, 
height, area of specimen, etc., are entered on Form SM 291- 
6/64, Page A 14. 

The loading schedule commences with 125 pounds per 
square foot and is doubled in magnitude until the desired 
maximum load is reached. 

The load number, the corresponding magnitude and final 


dial reading are also entered on SM 291-6/64. 
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Procedure Cont'd 
Deflection readings versus time are recorded on Form 
SM 290-6/64 (Page A 20) at the indicated time increments. 
Duration of each load is established by the following 
criteria: 

Silts and clayey silts of low plasticity are 
loaded for one hour. Silty clays and clays of medium 
to high plasticity and most organic soils are loaded 
for three hours. 

Gelatinous organic soils and very plastic clays 
May require loading durations up to 24 hours. The 
three-hour duration suffices for the majority of 
soils tested. 

The output data received from the Bureau of 
Electronic Data Processing consists of a continuous 
strip chart on which the co-ordinates for dial 
reading versus log of time and dial reading versus 
square root of time are plotted. Sample plots are 
shown on Pages A 28 and A 29. Additional points 
beyond the three-hour program limit are manually 
entered when needed. 

The individual plots are identified by a printed 
code number which represents the load number and an 


assigned test number. 
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Procedure (Cont'd) 

A curve through the co-ordinates is manually 
constructed and the log fitting and square root 
fitting method are used to determine the times of 50% 
and 90% consolidation, respectively. The log slope 
of secondary consolidation is also determined from 
the log of time versus dial reading plot (Page A 29). 

The moisture content, wet unit weight, degree 
of saturation, void ratios and average heights squared 
are received in tabular form (Page A 18) and are 
used to compute the coefficients of consolidation 
and construct the void ratio versus log of pressure 


plots (Page A 8). 


Conclusion 
The I1.B.M. 1620 computer program for processing 
consolidation data and plotting time-compression 
curves coupled with the rapid loading method 
accomplishes its objective of greatly reducing the 
total time necessary to produce a completed 
consolidation test. 

Additional computer See might take the 
form of plotting the void ratio versus log of 
pressure and the location of the tsg and tgg points 
on the time-compression curve and the subsequent 


computing of the Cy values. 
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Conclusion Cont'd 
These steps were omitted for the present due 
to the desirability of having a presentation or 
cover sheet consisting of the void ratio versus log 
of pressure plot accompanied by an overall summary, 
In our opinion, including the calculation of 
coefficient of consolidation from a time compression 
curve would tend to eliminate the judgement and 


experience necessary to apply the fitting methods. 
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LABORATORY NUMBER 2:74 WS 5-77 
DATA CODE _776 MACHINE NUMBER _ 25 










VISUAL DESCRIPTION 
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SAMPLE PROFILE 


TEST SET UP BY 24&yskoc/o DATE 3-/2-o¢¥ 


CLASSIFICATION TESTS 
MOISTURE CONTENT S72 
WET DENSITY O72 
SPECIFIC GRAVITY eh 2 


EtQuiD Limit <2 ees See 
PLASTIC LIMIT Z#F 


PLASTIC INDEX 120 
ORGANIC CONTENT ZF 


PERCENT FINER THAN 
07m _— .020mm = .002Mm 


es 


PRECONSOL IDATION PRESSURE 
MINIMUM MAXIMUM _ 700 





DRAWN BY G Srecsen DATE ¢@-2#6¥ 
CHECKED BY ge DATE 64-27% 
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Consolidation Test 


Program 5502 


I. Description of Work Being Done by Computer 


A) Described under General A and B. 
b Il. Data Submitted to ion pe 


A) Data will be batched and submitted weekly. 
Engineer-in-charge should check forms jf SM290 
and # SM291 for completion and accuracy 
before submission to EDP for production. 

Form EDP-3a must accompany test data when 
forwarded to the computer unit for 

| processing. A sample transmittal form appears 





| below. 
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‘orm EDP - 3a (7/63) 

| BUREAU OF EDP 
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b Title: CONSGLIDAT/ OA EST Procedure No. 
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al Printing Punch @ Interpret C] Collate PD Comnute 


e further detailed instructions, see reverse side. 
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IV. 


Work Done by E.D.P. on Data 


a) 


b) 


Cards punched 


1) 


2) 


Parte! 


A. 


The first card contains laboratory number. 
Card two contains zero dial reading and 
number of tests made on sample. 

Card three lists test initializing data. 
Subsequent cards contain test data. 


Cards are fed through IBM 1620 Computer 
where computations are accomplished 
according to program Jlist. 


Part. ch 


A. 


The first card contains test code number 
and load: 

The five subsequent cards contain test data. 
Each column of data follows.this order for 
eVELY Leal. 


Cards are fed through IBM 1620 Computer 
which causes on-line plotter to plot time- 
deflection curves. 


All printed forms are separated and bursted. 


Data Returned to Bureau of Soils 


a) 
b) 


Input data cards, forms and listings. 
Out put 


1) 


ony 


Pete. 


A. 


Moisture Content, Height of Solid, Wet 
Density, Saturation, Void Ratio and Average 
Sample Height Squared. 


Part: IL 
Aes Rune) | 

Plots of log (time) against dial deflection. 
A eeune re 


Plots of square root of time against dial 
deflection. 
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2 urea ol oO1.6.— Consolidation Test 


Program Number 5502-1 


Symbol List 


The following symbols are used in the test computations: 


Symbol Description 
DEPTH Depth 

WTSG Wt. of Glass + Wet Soil 
WTGLS Wt. of Glass 

WDSTR Wt. of Dry Soil and Tare 
VFACT Volume Factor 

ARING Area of Ring 

HRING Height of. Ring 

SGRAV Specific Gravity 

N Number of Tests (Loads) 
WTARE Tare 

ZDR Dial Reading (Zero Load) 
NLD Load Number 

XLOAD Load 

FDR Final Dial Reading 

WDRY Wt. of Dry Soil 

WWSL Wt. of Wet Soil 

WTDEN Wet Density. 

WH2O Wt. of Water 

XCONT Moisture Content 

VSOL Volume of Solids 
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Symbol Description 


HSOL Height of Solids 

SAT Saturation 

CONS Consolidation 

HSAMP Height of Sample 

HVOID Height of Voids 

VOIDR Void Ratio 

AHSQ — Average Height Seiad 
LABNO Laboratory Number 


All formulae used may be found in listing of source 


program. 
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Consolidation Test 


Program Number 5502-1 


FORMULAE 


i 


Weight of dry soil WDSTR - WTARE 


WTSG - WTGLS 


i 


Weight of wet soil 


Wet density = (WWSL) - (VFACT) 
Weight of water = WWSL - WDRY 
Moisture Content = WH 20 (100) 
WDRY 
Volume of solids = WDRY 
SGRAV 
Height of solids = VSOL s ALS. 16.3872 
A (ARING) 
Saturation = WH 20 
A (HRING - HSOL ARING 
Consolidation - ZDR - FDR 
Height of sample “ HRING - CONS 
Height of voids = HSAMP - HSOL 
Void ratio = HVOID 


Average height squared 


This represents the average height of two consecutive loads 
on the sample, squared. In this problem, average height is 
halved because of the presence of a porous material placed above 
and below the test sample leaving it free to drain in both 
directions, 


The formula thus becomes: 


AHSQ = ((HSAMP + HSAM1) /2/2**2 
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BUREAU OF SOIL MECHANICS 


PROGRAM NO. 5502-1] 


STATE OF NEW YORK DEPARTMENT OF PUBLIC WORKS 


1.B.M. 1620 COMPUTER 


DATA BY Grhcuson 
CHECKED BY 24. 72 


ONSOLIDATION TEST -— VOID RATIO COMPUTATIONS 
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Consolidation Test 


Program Number 5502-1 


Block Diagram 











READ 
SAMPLE 
NO. 









COMPUTE 
WDRY ,WWSL 
WIDEN , 

WH 20 







COMPUTE: 
XCONT, VSOI 
HSOL, SAT 







PRINT 
HEADING 







PRINT 
SAMPLE 
NO. 


AIS 





Pes Ts id ir 2018 








a 


ee 


[ 


‘ ‘4 
¢ 

a Send 

TRTTINT 


b e = Fare ? _ 
- ; (Sir vant 
. ow. YHOW | 
} AS ) 
£ Ms | 
i ' 


a See ee ee i eo 
: 
( ; 
x 
- Ae 
eel meee Game 
~J 


. wind p 
avigaanfs - 
oe 





aa ; re 





STORE 
HRING 


READ NLD, 
FDR, ZDR, 





HSAMP 





EXIT 
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SKIP TO 
NEXT 
PAGE 
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CONSOLIDATION TEST PROGRAM NUMBER 5502 BY He. RIVET 

READ 3 ee 
READ 15+Z0RyN 

READ Ly DEPTH WTSGyWTGLS yWDS I Ro WTARESVFACT?ARENG FHRING SGRAV— 

WORY = WOSTR - WIARE 

SEIS, SE WET ATES Soir Se Se rag re ac aR RC 
WTDEN = WWSL * VFACT | 

JRE coos bel ema F2( Gec jia y i pe ee Ca Se een ee 
XCONT = WH20 / WORY * 100. 

EVOG Ta WORYA7CSGRAVS See 

HSOL = VSOL /(ARING * 16.3872) 

SAT = WH20-/((HRING~=-HSOL) *-ARING #1633872) #100.-—————— aie 
PRINT 2 
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CONTROL 952 


=PRENT—12>—DEPTHy—-HS0t-——_ 


PRINT 4yXCONT,SGRAV 
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PRINT 6 
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- Bureau of Soil Mechanics 
Consolidation Test 


Program Number 5502-2 


SYMBOL LIST 





Symbol ; Description 

ZLOAD Load 

Ral) ! Time 

R -(I,2) s Dial Reading 

IORG1 oe Time coordinate at origin 
IORG2 Dial reading coordinate at origin 
NN Counter 

MM Counter 

No? | | Plot counter 

TAY SCN) Plot coordinates 

DUM = PLT (I.J) ‘Plot. Instructions 

DUM = XNM (A) Plotter print instructions 


“There were no formulae used in the plot portion of this 
program. However, it will be noted that rather than computing 
the value of log (time), a log table was incorporated in 
the program itself. The reason for this was for programming 
time considerations. Because of the nature of the plotter 
and time interval covered, it was deemed more economical 
to devise this table rather than to compute values. 
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CONSOLIDATION TEST 
PRoGRAM Num3eR 5502 = 2 


Brock D!1aGRAam 





INITIALIZE 


SET 
COUNTERS 
N AND NN 


ABSCISSA 
YES SCALE 


1" = 100 





ABSCISSA 
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